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PROJECTOR 



BACKGROUND OF THE INVENTION 

1. Field of Invention 
[0001] The present invention relates to a projector. 

2. Description of Related Art _ 
[0002] Arprojector that projects images hgtnsSeaa^af a projection lens i 

equipped with a cap in order to protect the projection lens from being scratched. The 
projector also has a lamp as a light source. 4(f the progctor is equipped with a lamp wi#i u 
high luminance, if the cap is accidentally pufon the projection lens while the lamp is on, the 
heat from the lamp will deform thecap^To^a^ress this problem, a lens cap detector hfc^ 1 
e onvention a lly be e n used for arfiquid crystal projector. When the detector detects the cap on 
the projection lens, the lamp will be powered off (See the related art document, for 
example.) / 

fOOOSft^ Japanese Unexamined Patent Application Publication No. 2002-25823^^^ 
SUMMARY OF THE INVENT ION 

[0004jj^ Sxj^h a projector, however, invokes the following problem. The lens cap 

may be£>tffon t&fprojection lens(|nt^ioMTly)in order to temporarily toj^a {Ejected display 

i— . — — ~ - ■ ~ ^ rcAx.^Ji arAr 

m*o black during a presentation. Even in such a case, the lamp of the conventional projector 

will be powered off on the detection of the cap on the lens. To ge-baefc to the original display 

that had been projected before the lamp was powered off, it is necessary to turn on the lamp 

after taking the cap off the lens. Tho problem is thatf the lamp of the projector requires time to 

turn on again for structural reasons, which does not allow the p^e^^to^adily go baol c to 

the original projected display. In summary, the requires a waiting time 

before it is prepared with the lamp being turned on again. ^^^^ *~ *> K A4T 

[0005] In consideration of the^roblemfthe present invention aimo to provid/a 
projector that surelyr prevents the deformation of a lens cap even when the cap is pufon a 
projection lens while a lamp is on, without powering off the lamp. 

[0006] A projector according to the invention includes a lamp, an optical modulator 
that modulates light from the lamp, a projection lens that projects the modulated light, a lens 
cap that protects the projection lens, a detector that detects the lens cap on the projection lens, 
and a projected display controller that controls the optical modulator so as to block or reduce 
the light from the lamp if the lens cap is found to be detected based on a signal from the 



detector. With this structure, when the lens cap is ptff'on the projection lens, the optical 
modulator is automatically controlled so as to block or reduce light from the lamp. This X£& 
prevents heat from being generated before the projection lens, and thereby surely^revents the 
lens cap from deforming without powering off the lamp, which is the case with a 
co nvention al projector. 

[0007] In the projector according to an aspect of the invention, the projected display 
controller controls the optical modulator so as to go back to an original display that is 
projected before the, light from the lamp is blocked or reduced if the lens cap is found to be 
t afccEtoff based on a signal from the detector. This means that when the lens cap is taken off 
no waiting time is required to turn the lamp on, which is necessary for a c onvontio r rg Q txr*±r 
projector, before going baol c to the original display. Therefore, the projector achieves a user- 
friendly feature. 

[0008] In the projector according to an aspect of the invention, the projected display 
controller controls the optical modulator so as to block or reduce the light from the lamp to 
tunTa projected display i£<& black, gray, or blue. In order to control the optical modulator to 
turn a projected display into black, gray, or blue, the light from the lamp is blocked or 
reduced. 

[0009] In the projector according to an aspect of the invention, the detector is a 
microswitch. TI}»s"& microswitch is used as the detector. Adopting a microswitch that is 
economical makesit possible to economically provide the detector. 

[0010] In the projector according to an aspect of the invention, the optical 
modulator includes a liquid crystal panel, and a polarizing plate on both input and output 
sides of the liquid crystal panel. TIjhs^s the optical modulator, a liquid crystal panel, and a 
polarizing plate on the input side and the output side of the liquid crystal panel are used. 

BRIEF DESCRIPTION OF THE DRAWINGS M , 

[0011] FIG. 1 is an obliquoariow of a projector according to arrembodiment of the 
invention^ 

[0012] FIG3( is-* plan viewx>f the projector shown in FIG. 1." _ 

[0013] FIG. 3 is a block diagram showing the-maj^r configuration of the projector 
according to an'embodiment of the invention^ 

[jj|)14] FIG. 4 is a flow chart showing the flow of operations according to the 
<eri^Siimentt)f the invention, (jLA$- ^cXt,^^** 

[0015] FIG. 5 is a dki^i u/iT showing the structure of optical systems of the projector. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0016] An Embodiment of the invention will tre described >with reference to the 
accompanying drawings. 

[0017] Prior to a detailed description of the invention, the structure of optical 
systems included in a projector according to the invention wflW^descrilied. 

[0018] FIG. 5 shows the optical systems of the projector. Referring to FIG. 5, the 
structure and operations of the optical system^ will now Bo described. 

[0019] The optical systems include an illumination optical system 23, a color 
separation optical system 8, a relay optical system 25, liquid crystal panels 17R, 17G, and 
17B, a cross-dichroic prism 9 for color composition, and a projection lens 3. 

[0020] The illumination optical system 23 includes a lamp 13, a reflector 20, and a 
first lens array 21 and a second lens array 22 that together make up an integrator lens. The 
illumination optical system 23 also includes a first reflective mirror 31 that adjusts optical 
directions, and an overlay lens 32. It is not necessary to include the first reflective mirror 31 
when the adjustment of optical directions is not required. 

[0021] The first lens array 21 is composed of a matrix in which small lenses 211 
that each have an almost rectangular outline are arranged in M lines and N rows. Each of the 
small lenses 211 splits luminous beams that are parallel each other and emitted from the lamp 
13 into a plurality of (or M*N) partial beams, and then forms an image of each partial beam 
in the vicinity of the second lens array 22. The outline of each of the small lenses 21 1 is 
shaped to be nearly similar to the areas of the liquid crystal panels 17R, 17G, and 17B in 
which images are formed. For example, if the aspect ratio (dimensional width-to-depth ratio) 
of the areas of the liquid crystal panels 17R, 17G, and 17B in which images are formed is 4:3, 
the aspect ratio of each small lens is set to be 4:3. 

[0022] The second lens array 22 is also composed of a matrix corresponding to the 
small lenses 211 of the first lens array 21 . In the matrix, small lenses 221 are arranged in M 
lines and N rows. 

[0023] The color separation optical system 8 includes a first dichroic mirror 41, a 
second dichroic mirror 42, and a second reflective mirror 43. The color separation optical 
system 8 separates light that is emitted from the overlay lens 32 of the illumination optical 
system 23 into red, green, and blue lights. 
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[0024] The relay optical system 25 serves as an optical path for light transmitted 
from the second dichroic mirror 42. The relay optical system 25 includes an entrance lens 54, 
a third reflective mirror 71 , a fourth reflective mirror 72, and a relay lens 73. 

[0025] The liquid crystal panels 17R, 17G, and 17B are provided with polysilicon 
thin-film transistors used as switching elements, for example, and are adhered and fixed to the 
cross-dichroic prism 9 via a fixing member so as to face the three sides of the cross-dichroic 
prism 9. On the input side of the liquid crystal panels 17R, 17G, and 17B, input polarizing 
plates 60R, 60G, and 60B are provided, while output polarizing plates 61R, 61G, and 6 IB are 
provided on the output side of the panels. The liquid crystal panels 17R, 17G, and 17B, the 
input polarizing plates 60R, 60G, and 60B, and the output polarizing plates 61R, 61G, and 
61B form liquid crystal light bulbs 700R, 700G, and 700B, respectively, which are optical 
modulators according to the invention. 

[0026] The input polarizing plates 60R, 60G, and 60B, and the output polarizing 
plates 61R, 61G, and^ffi transmit specific polarized light and block the other specific 
polarized light. /itece^yie input polarizing plates 60R, 60G, and 60B transmit s-polarized 
light. More specifically, they transmit s-polarized components of each light beam that is 
separated by the color separation optical system 8. The s-polarized light passing through the 
input polarizing plates 60R, 60G, and 60B is modulated by the liquid crystal panels 17R, 
17G, and 17B. The output polarizing plates 61R, 61G, and 6 IB only transmit p-polarized 
components among the modulated light. 

[0027] The cross-dichroic prism 9 performs color composition and forms colored 
images out of red, green, and blue lights. More specifically, lights of the three colors are 
combined by a dielectric multilayer that reflects red light and a dielectric multilayer that 
reflects blue light being placed along the diagonal lines of the prism. On the output side of 



[0028] Operations of the optical systems wi ll - now b e described^ The light emitted 
from the lamp 13 is reflected on the reflector 20. Then the light is incident on the integrator 
lens that is composed of the first lens array 21 and the second lens array 22. The integrator 
lens lets images that are output from each lens cell of the first lens array 21 form on image 



uneven illumination. The light emitted from the overlay lens 32 enters the color sepafatidrf 
optical system 8. 



the cross-dichroic prism 9, the projection lens 3 is provided. 
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[0029] The first dichroic mirror 41 of the color separation optical system 8 reflects 
red optical component of the light beams emitted from the illumination optical system 23, 
while the first dichroic mirror transmits blue and green optical components of the light 
beams. The red light reflected by the first dichroic mirror 41 enters a first field lens 51 
through the second reflective mirror 43, and then reaches the liquid crystal panel 17R for red 
light. The first field lens 51 modulates each partial beam to luminous beams that are parallel 
to its central axis (principal ray). The second and third field lenses 52 and 53 for the liquid 
crystal panels 17G and 17B, respectively, perform the same function as the first field lens 51 
does. 

[0030] Among the blue and green lights passing through the first dichroic mirror 41 , 
the green light is reflected by the second dichroic mirror 42, enters the second field lens 52, 
and then reaches the liquid crystal panel 17G for green light. Meanwhile, the blue light 
passes through the second dichroic mirror 42, enters the relay optical system 25 and then the 
third field lens 53, and reaches the liquid crystal panel 17B for blue light. 

[0031] Among the red, green, and blue lights that are separated by the color 
separation optical system 8, only s-polarized lights passes through the input polarizing plates 
6QR, 60G, and 60B before entering the liquid crystal panels 17R, 17G, and 17B as mentioned 
©arii€r. Subsequently, the s-polarized light is modulated by the liquid crystal panels 17R, 



17G, and 17B in accordance with image data given by a projected display controller 18. Th 
the modulated light is emitted to the output polarizing plates 61R, 61G, and 61B. Among the 
modulated light, only p-polarized light passes through the output polarizing plates 61R, 61G, 
and 61 B, and enters the cross-dichroic prism 9. The light of each color is combined by the 
cross-dichroic prism 9 to be colored images that are projected from the projection lens 3 on a 
screen. 

[0032] The illumination optical system 23 may include a polarization beam splitter 
that obtains a single state of polarization, L^TeJther p- or s-polarized lights, out of 
illumination light including the both of them from the lamp 13 in a given position, for 
example, between the second lens array 22 and the overlay lens 32. This enables the light 
from the lam^/13 to be efficiently used with almost no waste light. 

ro^ [0033'] Nowlhe structure of the optical systems of the projector is disclosed/^ 

^ \ ^ ^ ^ d 

»fem features of the invention wtH4^ described ^^J^^^i^. s QX&* i ^°*f 

[0034] FIG. ^is a n oblique vi e \/ of the projector according to an 'embodiment of the 
invention. Fic/ 2 l^fand $bfare^)lan views of the projector shown in FIG. 1 . More 
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specifically, FIG. 2;#Qas an overall plan view, while FIG. 2 y&f is an enlarged view of the 
portion indicated by the dotted line A in FIG. 2 $tff7 

[0035] A projector 1 includes an outer case 2 and the projection lens 3 that is placed 
on the front side of the outer case 2. The projector 1 is equipped with a lens cap 4 that is 
easily fm on and t aicon off in order to protect the projection lens 3 from being scratched when 
the projector is not being used. The lens cap 4 is made of a light blocking member, such as 
black plastic. AJ^^yletector 5 is equipped with the outer case 2 of the projector 1 in the 
vicinity of the projection lens 3. The detector 5 detects the lens cap 4 being p^Ton. HeiSr 
microswitch is used as the detector 5 

[0036] When the lens cap 4 is put on the projection lens 3, an internal switch of the 
microswitch is turned "on" by pushing a lever 5a from the side surface of the lens cap 4. 
Th^rTthe microswitch outputs an "on" signal to a controller 12 that is described in detail 
berow. When the lens cap 4 is t akon off , the lever 5a is returned to its original position and 
the internal switch is turned off. Tljea-the microswitch outputs an "off signal to the 
controller 12. It ohould bi uultd llm pffle detector 5 is not always a microswitch. It may be a 
detector using other mechanical or optical sensors. Adopting a microswitch that is known for 
its simple and economical structure makes it possible to economically provide the detector 5. 

[0037] FIG. 3 is a blook diagram showing the major configuration of the projector 
according to an/embodiment of the invention. 

[0038] The projector 1 includes an input/output (I/O) section 1 1 and the controller 
12. The I/O section 1 1 receives "on" and "off signals from the detector 5 and outputs the 
signals to the controller 12. The controller 12 is composed of a microcomputer that controls 
not only the projected display controller 1 8 (described below) based on the signals from the 
I/O section 11, but also the whol^system of the projector 1 . 

[0039] The projector 1 also includes the lamp 13 that is turned on by powering on 
the projector 1; a lamp driver 14 that drives the lamp 13; a fan 15 that cools down the lamp 13 
and/or the liquid crystal panels 17R, 17G, and 17B; and a fan driver 16 that drives the fan 15. 

[0040] The projector 1 further includes the projected display controller 18. The 
projected display controller 1 8 controls various operations of the liquid crystal panels 17R, 
17G, and 17B included in the liquid crystal light bulbs 700R, 700G, and 700B (shown in FIG. 
5) according to control signals from the controller 12, as well as sending image signals that 
are input from an external device to' tfieliquid crystal panels 17R, 1 7G, and4 7-R 

[0041] Each element will uuw be described in greater d^tail^ ^ 
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[0042] The controller 12 receives "on" and "off signals from the detector 5 via the 
I/O section 11, and outputs control signals according to the received signals to the projected 
display controller 18. In other words, if the detector 5 inputs an "on" signal, a light blocking 
signal is output to the projected display controller 18. The light blocking signal is to block or 
reduce light from the lamp 13 at the liquid crystal panels 17R, 17G, and 17B. More 
specifically, the light blocking signal is to control the liquid crystal panels 17R, 17G, and 17B 
so as to turn a projected display into black, gray, or blue. If the detector 5 inputs an "off* 
signal, a light-blocking release signal is output to the projected display controller 18. The 
light-blocking release signal is to go back to the original display that had been projected 
before the light from the lamp 13 was blocked or reduced by the liquid crystal panels 17R, 
17G, andl7B. 

[0043] The projected display controller 1 8 reads image displayed by a compter etc^ 
br image signals previously stored inside, and sends out such signals as RGB signals to-the 
liquid crystal panels 17R, 17G, and 17B. If the controller 12 inputs a control signal that is to 
output the light blocking signal, the projected display controller 18 controls the liquid crystal 
panels 17R, 17G, and 17B so as to tfc(h a projected display^p black, gray, or blue. 

[0044] In order to turn a projected display into black or gray, all or part of the light 
passing through the liquid crystal panels 17R, 17G, and 17B is blocked by the output 
polarizing plates 61R, 61G, and 61 B (shown in FIG. 5), which are placed on the output side 
of the liquid crystal panels 17R, 17G, and 17B included in the liquid crystal light bulbs 700R, 
700G, and 700B (shown in FIG. 5). The projected display controller 18 thus controls the 
liquid crystal panels 17R, 17G, and 17B, so that the light passing through the liquid crystal 
panels 17R, 17G, and 17B does not pass through the output polarizing plates 61 R and 61G. 

[0045] In order to turn a projected display into blue, red and green lights are blocked 
by the output polarizing plates 61R and 61 G (shown in FIG. 5). The projected display 
controller 18 thus controls the liquid crystal panels 17R and 17G, so that the light passing 
through the liquid crystal panels 17R and 17G does not pass through the output polarizing 
plates 61R and 61G. ' >^eV^ 

[0046] In an example described We, the ni'djected display controller 18 controls the 
liquid crystal panels 17R, 17G, and 1 /B-soasto turn a projected display into black when the 
controller 12 inputs a light blocking signal to the projected display controller 

[0047] The lamp driver 14 is a power circuit that supplies po\ 
lamp 13. More specifically, the lamp driver 14 transforms voltage of powersuppfied from an 
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external source and supplies the power to the lamp 13. The amount of power supplied by the 
lamp driver 14 to the lamp 13 is controlled by the controller 12. Thusifie)luminance of the 
lamp 13 is adjusted. 

18] The fan driver 16 includes a motor. The fan driver 16 supplies powe^fijf^^ 
ran 15, which sends air to cool down the lamp 13 and/or the liquid crystal panels 




j, and 17B. The amdurif of power supplied by the fan driver 16 is controlled by the 
controller 12. I t should bo noted that aa a lamp with high luminance generates considerable 




heat, it is particularly important to take the cooling of the lamp into consideration^ 

[0049] The operation of each element according to the, embodiment \ frift nowu* r 
described 4n greater detail. FIG. 4 is a flow chart showing the flow of operations according to 

this/embodiment. 

[0050] While the projector 1 is powered on and the lamp 13 is' on f^pmject^^^ 
images, if the lens cap 4 is put on (SI), the detector 5 inputs an "on" signatfcfthe controller 
12 via the I/O section 11. The controller 12 receives the "on" signal from the detector 5 and 
finds that the lens cap 4 is put on. TheiTthe controller 12 outputs a light blocking signal to 
the projected display controller 18. Consequently, the projected display controller 18 controls 
the liquid crystal panels 17R, 17G, and 17B so as to Xyfn a projected display iftfqblack (S2). 

[0051] The projected display is t urned info black by blocking all the light from the 
lamp 13 by th^ugSft polarizing plates 61R, 61G, and 61B (shown in FIG. 5) as mentioned 
above' A*£me light / from the lamp 13 does not reach the projection lens 3 while the display is 

( f t\ gJL f - 

^ in tcF^glfck, no heat is generated before the projection lens 3. ^his^akes it possible to 
(prevent theJerfs cap 4 from deforming even if the lens cap 4 is p*f on the projection lens 3 
during a presentatio ^lntgn fio^ ected display ihjjp black or otherwise 

accidentally. 

[0052] In order to turn a projected display into eray or blue, light can be controlled 
in the same manner. T o put it another way , the light from the lamp 13 is appropriately 
blocked by the output polarizing plates 61R, 61G, and 6 IB, and thereby the amount of light 
reaching the projection lens 3 is reduced. Therefor^T^s possible to/prevent the lens cap 4 
from deforming. 

[0053] The projected display is kept joja btikck until the lens cap 4 is taken off, that 
is, the detector 5 inputs an "off signal to the controller 12. When the detector 5 inputs an 
"off signal, the controller 12 finds that the lens cap 4 is taken off (S3). Then^he^controller 
12 outputs a light-blocking release ^\^^^^^^Q^^Xmdi^s again to the projected display 
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controller 18. Consequently, the projected display controller 18 controls the liquid crystal 
panels 17R, 17G, and 17B so as to project images on the display (S4). ThtfTthe projector is 
ready for goifl^SSk to the original projected display. Subsequently, the projector goes over 
the process from the step SI as required. The state of the step S4 continues (SI - NO) until 
the controller 12 receives an "on" signal to go onto the step SI. When the lens cap 4 is put 
on, which triggers the process from the step SI (SI - YES), the aforementioned step S2 
follows. 

[0054] The above-mentioned case is an example in which the lens cap 4 is pdton 
while the projector projects images. It is also possible to detect^ the lens cap 4 upon turning 
on the power. The controller 12 receives an "on" or "off" signal from the detector 5 via the A 
I/O section 1 1 upon turning on the power. If the controller 12 findsnhe lens cap 4 is pot on 



upon turning on the power, 
based on the signal from the detector 5 (SI), that is, the power is turned on while the lens cap 
4 is pa/ on, the controller 12 starts the step S2 so as to tuota projected display ops black. 
Meanwhile, if the controller 12 finds tha lens cap 4 is not put on, that is, the power is turned 
on while the lens cap 4 is not pi* on, the controller 12 starts the step S4 so as to start 
projecting images. <t*> ^ 

[0055] As described above, according to this4mbodiment of the invention, the 
liquid crystal panels 17R, 17G, and 17B included in the liquid crystal light bulbs 700R, 700G, 
and 700B (shown in FIG. 5) are controlled when the lens cap 4 is put on the projection lens 3. 
Th*r£thk light from the lampT3^ is blocked or reduced by the liquid crystal panels 17R, 17G, 
ailtH/B. This/prevents heat from being generated before the projection lens 3, and thereby 

surelv preve&ts'tftSTens cap 4 from deforming without powering off the lamp, which is a 
/ 7 Z<a>c*» vp * ( Jb£$L ark u> ?r 

problem for a i inn i milium iiinji i Imi Accordingly, it is possible to surely/ehminate the 

problem of the deformation of the lens cap 4 when the lens cap 4 is put on the projection lens 

3 accidentally. fJb>^ ^ fV«**^ 

[0056] It is also possible to/eliminate the same problem when the lens cap 4 is pdf 
on intentionally so as to temporarily tolffaprojected display ip&> black during a presentation. 
In other ^ords, the only thing required to temporarily tutff a projection display ipfa black is to 
ptjfTthe lens cap 4 on the projectionjl^ns^^c^prding to the invention. The problem of the 
deformation of the lens cap 4 is Eliminated, so that the projector achieves a user-friendly 
feature. Alserin this example doooribod4ior -e^ak the lens cap 4 is made of a light blocking 
member sufen as black pl^ticrtheiens"cap 4 perfectly blocks light and surely tons the display 
ih^o Hack. 
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[0057] As mentioned above, the deformation of the lens cap 4 i^revented without 
powering off the lamp 13. According to the invention, it is possib^to ge-bac* to the original 
display that had been projected before the lens cap was p«(on upon taking off the lens cap 4. 
This means that r ^j^ a ^J^ c * s rec l u i re d t0 turn the lamp on, which is necessary for a 
ccjaventiondTproj ector, before going back to the original display. Here again, it cm ho mid 
tk^t^ie projector achieves a user-friendly feature. 

[0058] In the'Qibod^ above, an example where the invention is 

applied to a projector equipped with transmissive liquid crystal panels is shown. The 
invention can^B^alsp^pplied to a projector equipped with reflective liquid crystal panels. 
Hefe,^ 'transmissive" liquid crystal panel means that the panel transmits light, while a 
"reflective" liquid crystal panel means that the panel reflects light. 

[0059] Also in the/embodiment described above, liquid crystal panels are used as 
modulating elemCrts'^optica^ that modulate light from a lamp. Instead of liquid 

crystal panels, devices using a micromirror and charge-coupled devices (CCD) caifoe<6lsc>> 
used, for example. The invention can be also applied to a projector with such devices. 

[0060] Moreover, the invention can^bell^ applied to both of the following types of 
projectors: a front-projection projector that projects images from the side on which the images 
are viewed and a rear-projection projector that projects images from the opposite side of the 
side on which the images are viewed.. , * 

[0061] Al^e-ip the'embodiment described above, an example where the invention is 
applied to a three-£anel projector that is equipped with three liquid crystal panels is shown. 
The invention can be also applied to a two- or four-panel projector that is equipped with two 
or four liquid crystal panels, for example. 



